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INTRODUCTION 


1.1 SCOPE 


Tala Executive Summary Is omi of three volumes comprising the SCAFED Study Part III 
Final Report. Other volumes provide the detailed results of all study tasks and on up- 
dated comprehensive Requirements Document. A corresponding 3-volume set was pre- 
pared at the conclusion of the Part I/li »tady effort In May 1978. Parts I/n and III fully 
document all SC A FEDS effort to date. 


1.2 STUDY OVERVIEW 


1.2.1 PART I/n SUMMARY . In Partl/II a wide range of tasks was focused on a base* 
line system concept as shown In Figure 1-1. A beam builder concept was developed to 
produce the triangular beam shown. Beam elei^ients used laminated graphite and glass 
composite strip material with external surface coatings. 
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Figure 1-1. Part I/n summary. 


1.2.2 PART ni TASKS . Part HI major task groups build on Inputs from Part I/n and 
relate to rach other per the flow Illustrated in Figure 1-2. Each major Partin task 
group Is divided Into subtasks as shown In Figure 1-3. In Task in the five subtasks 
were performed, as appropriate, for each of the six alternative structural arrange- 
ments shown. 
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Figure 1-2. Partin task relationships. 


1 1 BEAM DUILDER FUNCTIONS ! 
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I II BEAM BUILDER DEVEL ARTICLEI 

• Preliminary design 
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• BB development plan 
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Figure 1-3. Part III detail tasks . 
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STUDY RESULTS 


2.1 BEAM STRUCTURE/MATERIALS 

The Part l/n structural design effort developed a baseline experimental "ladder" plat- 
form using a triangular beam concept selected as a result of an Integrated beam and 
beam builder trade study. The ladder platform and the overall beam size/arrangement 
were retained as program baselines for Part III. However, new materials evaluations 
and machine/mate rial compatibility considerations have since led to: (1) selection/ 
optimization and prediction of the thermal characteristics of a new single-ply strip 
material; and (2) trades and selection of both an Improved cross-member section and 
Improved weld joint configuration for joining cross-members and cords to the beam caps 

2.1.1 MEW STRIP MATERIAL. During the Part l/II effort, a "multl-ply" laminated 
material design evolved which combined the benefits of glass and graphite fibers, thermo 
plastic resin, and a pigmented resin coating Into a strip material suitable for the SCAFE 
fabrication process and service environments. However, the benefits to be achieved by 
combining the desirable features of die constituent materials Into a single-ply woven 
strip -/ere already recognized, and are summarized In Figure 2-1. Private develop- 
ment effort has since led to a material In which the anticipated processing/property/ 
forming benefits of single-ply construction have been realized and this approach has 
been adopted for the SCAFE application. Since the ply thickness and stackli.g symmetry 
constraints of the laminate approach are eliminated In die single-ply approach, the 
principal objective In further strip material optimization was weight reduction via cap 
gage decrease, while maintaining both beam natural frequency and a "comfortable" mar- 
gin of s 2.0 against local Instability. 
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Figure 2-1. Strip material evolution and benefits. 


A new, thinner material, providing Increased stlf&iess, significant weight decrease, 
a small but acceptable frequency penalty, and a large local stability margin has resulted. 
Cap/cross-member material commonality has been achieved with this material being 
used in the new cross-member design discussed below. 


2.1.2 MATERIAL THERMAL CHARACTERISTICS . The value of overall effective ther- 
mal conductivity In the thickness direction Is required to determine the temperature 
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cllfforenco boUvoon the strip top and bottom surfaces as the material passes bot\voen the 
heaters and the temperature sensors. The overall laminate thermal resistance Is equal 
to the sum of four "layer" resistances based on the material Idealization of Figure 2-2. 
Using Individual "layer" conductivities of 0.904, 0.206, and 0.260 W/m-K for the graphite^ 
glass, and coatings, respectively, the calculated effective conductivity of the total strip 
Is 0.484 W/m-K. Strip conductivity Is Independent of tlie weave and has a low sensitivity 
to the graphite fiber conductivity. Calculations bidlcato tliat the strip thickness -direction 
At in the heating section will bo between 3 and 6 C. 



Figure 2-2. Consolidated strip material cross-section. 


2.1.3 CROSS-MEMBER TRADES. The cross-member trade study was conducted to 
both Improve the rellablllly of mechanized handling by the clip feed subsystem and to 
Increase the stx'uctural capability of the cross-section for differential drive. A llpped- 
channel section was selected sbice It met both objectives. Configuration and evaluation 
results of the original simple channel and several lipped -channel alternatives are sum- 
marized In Figure 2-3. The selected section shares a common material with the beam 
caps, Is 5% heavier (due to perimeter Increase), exhibits a sides way end-moment capa- 
bility of 30.0 Nm (vs. 1.9 Nm before) and fits the same clip external envelope. 
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Figure 2-3. Cross -member trade/selectlon . 


2-2 













2.1.4 WELD JOINT TRADES. The wold Joint pattom tmde was Initiated primarily to 
evaluate the In-plano and moment roalstancd necessary fo” cUtferontlal drive, and sec- 
ondarily to assess tlao Increase In welding power required for larg«jr area wold patterns. 
Figure 2-4 compares die baseline wold pattern (Ui/Li) with various alon atlvo concepts 
for the upper (U) cap/cross -member wold(s) and the lower (L) cap/cross-membor/cord 
wold In terms of spot quantity, >^lzo, spacing, cord capture geometry, pattom width, and 
moment capability. Tlie selected weld pattern geometry U 1 /L 2 Is quite similar to die 
Initial pattern wltli a sll^t area reduction. Its moment capacity Is less than that of the 
cross-member (30.0 Nm) but Is easily Increased, If noodoc., by a elmple change to tlio 
U 3 ,'L 2 pattom as shown. 


SPOT OPTIONS! 


PATTERN OPTIONS! 



Figure 2-4. Wold joint trade. 

2.1.5 BEAM CHARACTERISTICS . As a result of (lie selection of a new strip material 
and a new cross-member section, several beam and beam element characteristics have 
changed. Although the overall beam dbnenslons remain unchanged, new values have been 
computed for both the mass and all mechanical properties except torsional stiffness, KG, 
The stiffness Is unchanged, since the previous bay geometry and cord design have been 
retained. Figure 2-5 summarizes the updated characteristics of the beam assembly, cap, 
and cross -member. 


2.2 BEAM BUILDER DESIGN 

Preliminary design and analysis and design trades were conducted on structural, mechan- 
ical, and controls details of the SCAFEDS Part II beam builder conceptual design. These 
analyses and trades defined a beam builder development confli^aratlon and Identified criti- 
cal design criteria for compatibility with Space Sliuttle payload operational, environmental, 
and safety requirements. 

2.2.1 BEAM BUILDER CHARACTERISTICS . Updated characteristics of the baseline 
beam builder are summarized in Figure 2-6. The lengtli has Increased 0.56m to accom- 
modate subsystem update changes. The estimated mass (launch weight for SCAFE mis- 
sion) Is now 214 kg less based on updated materials and subsystem design data. The new 
strip material Is Incorporated in Ihe productivity data; however, tlie energy and rate 
values have not changed. 

2.2.2 DRIVES AND SENSORS. The baseline beam builder conceptual design Identified 

(he need for numerous electromechanical drives and controls sensors. The Part HI 
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Figure 2-5. Updated beam and element cnaracterlstics. 
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study Included tasks to define and select electromechanical drives and sensors for die 
beam builder functions. Tills definition also required Identification of special materials, 
lubricants, and environmental protection techniques. Finally, the subsystem and system 
design concepts were refined and analyzed to minimize tlie overall number of drives and 
sensors and to use common elements for cost-effectiveness where practical. 

The most commonly used sensors and the most critical sensors were analyzed and 
trades performed on various candidates of each typo to select tlio sensor technologies 
best suited for beam builder applications. The sensing technologies selected are sum- 
marized In Table 2-1, The strip heating and temperature sensing concept Is Illustrated 
In Figure 2-7. 

Table 2-1. Sensor trade results. 


The use of a single drive motor to meet all driving 
requirements In tlie beam builder has a significant cost 
advantage In procurement, test, and logistics. In order 
to evaluate the feasibility of using a common drive motor, 
a baseline dc brushless motor was selected which appeared 
to have adequate power to accomplish all of the drive func- 
tions within acceptable time limits. A concept for a dual 
motor drive unit, which would be adaptable to nearly every 
drive application, was designed. It was found that use of 
a common motor would satisfy all drive requlraments, 
and th^.t by applying the universal drive unit concept to each drive function, a significant 
reduction In the toial number of drive elements could be achieved as seen In Figure 2-8. 

2.2.3 PRELIMINARY SUBSYSTEM DESIGN . Tlie preliminary subsystem design effort 
produced a detailed definition of all drives, mechanisms, and subsystem modules. It 
also produced definitions ol all control subsystem elements to the block diagram level, 
timing and synchronization timelines for beam builder operations, and a breakdown of 
executive software elements, as Illustrated In Figure 2-9. 

The cross-member subsystem Is an example of the work done to minimize the num- 
ber of motors and Incorporate common drive elements. Design trades of each element 
of the subsystem were performed which resulted In a final configuration, shown In Figure 
2-10, that employs only two universal drive units (UDUs). One central drive unit operates 
the feed mechanisms on all three storage and feed clips. The second UDU operates three 
handlers, tliree positioner arms, and the positioner carriage. The handler/posltloner 
operations are sequencsd using electromagnetic particle clutches. 
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Figure 2-10. Cross-member subsystem prollmlnax’y design. 

Another major subsystem preliminary design task was performed on the joining sub- 
system, which consists of sbc ultrasonic welders, three welder positioning mechanisms, 
one anvil drive mechanism, and associated controllers. The welder mechanism design 
Is shown In Figure 2-11. The welders used In tlie preliminary design are 20-kHz units 
with multl-spotweld horns designed to produce the selected weld joint configuration shown 
In Figure 2-4. A review of current ultrasonic welding technology Indicates tliat furtlier 
reductions In the size and weight of die wold head are feasible, as shown In the upper 
portion of Figure 2-11. 

Automated ultrasonic welding process control Is accomplished by feedback control 
of critical weld parameters shown In tlie lower portion of Figure 2-11. Variations In 
weld horn natural frequency duo to temperature change are monitored and the driving 
frequency Is modulated to match die weld horn resonant frequency. The efficiency analy- 
zer reads energy going Into die material by comparing Input energy to diat reflected from 
die horn tip. This device automatically adjusts weld time to ensure diat each weld re- 
ceives an equal amount of energy. Tills verifies the quality of each weld in process. 

2.2.4 ENVIRONMENTAL IMPACTS . An evaluation of the Impacts of die Shuttle Envlr- 
omnental Design Requirements on beam builder hardware design was conducted. The 
component operating and nonoperating design criteria were first developed and the life 
duty cycles were defined, based on a single SCAFE mission. 
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Figure 2-11. Joining subsystem design and evaluation. 

From the preliminary design configuration, a listing of each of the basic subsystem 
components was compiled and the fundamental types of devices used In the mechanical 
and electronic hardware were Identified. Using the environmental design criteria as 
applied to the Individual subs} stem components, the principal concerns were Identified 
and general recommendations which deal with each of these concerns were compiled, 
as shown In Figure 2-12. This evaluation revealed no major problems. Thermal dis- 
tortions In the support structure and modular beam-bulldlng subsystems can cause signi- 
ficant distortions In beam alignment during the assembly process. The structure shroud 
concept shovm In Figure 2-12 eliminates this problem by completely covering the 
assembly process area with a multilayer Insulation (MLI) blanlcet of aluminized mylar. 
Velcro strips are used to attach the MLI blanket to the external support structure. Tliese 
simple attachments provide easy Installation and Immediate access to Inspect and main- 
tain any of the assembly subsystems. 
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Figure 2-12. Results of environmental impacts evaluation. 

2.2.6 CURVED BEAM FABRICATION . An attractive approach to the construction of 
contoured spacecraft surfaces (e.g. , antennas) is the use of curved beams, since they 
offer the potential for establishing the "net" contour without auxiliary standoffs. In 
SCAFEDS Part I, a parametric analysis investigated the effects of cumulative cap length 
mismatch on the tip deflection of 200-meter beam (Reference 2). At that time, the pur- 
pose of the analysis was to help drive out requirements for straight beam accuracy control, 
and it contributed to eventual selection of Ihe internal -feedback/differential-cap-drlve 
control technique. 

Using this technique it is possible to tailor the length of each cap individually. By 
driving one cap some increment of length, AL, greater (or less) than the other two, it 
is possible to create curvature of the finished beam, as shown in the upper portion of 
Figure 2-13. The characteristics of a beam of constant curvature were computed and 
are shown in Figure 2-13. Because the maximum moment applied to the beam caps 
occurs at the end posts, the radius of curvature can be decreased by adopting a higher- 
strength spotweld pattern, by installing two cross-members edge-to-edge, or both. 

2.2.6 BEAM BUILDER SCALE-UP . The baseline structural elements used to develop 
scaled-up beam builder concepts were taken from Boeing SPS work. The largest of three 
beam configurations used and its associated beam builder are shown in Figure 2-14. The 
main features of this machine are: (1) it employs sbc forming machines of a common 
design; (2) it incorporates a subsystem to store, feed, and join a closure strip for each 
of the three chord members; (3) it employ! a new batten member handler and positioner, 
because the battens are formed in lieu of being prefabricated and stored in feed clips; 

(4) its forming machines employ a rolling contact cooling section, in lieu of cooling 
platens, for minimizing the length of the machine; and (5) it operates on a 24-hour 
material resupply cycle. 
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Figure 2-13. Characteristics of a beam of constant curvature. 
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Figure 2-14. Beam builder scale effects determined. 
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Common forming machines are made possible by selecting a common forming rate 
while maintaining a total of 80 seconds for the run and pause time cycle. As seen In 
Figure 2-14 the production rate Is proportional to beam bay length. The baseline 80 
second cycle time Is tlie time allowed to heat the strip material. A minimum cycle 
time has not been established. 

2.3 ALTERNATIVE ASSEMBLY JIG CONCEPTS 

A major task of Part HI was to develop assembly jig and fixture concepts capable of con- 
structing six .alternative structural configurations depicted In Figure 1-3, using the beam 
builder as the basic construction tool and the Orblter as a construction base. The SCAFE 
beam was the basic element to be used In building these structures. The task produced 
concept layouts of the structures, assembly jigs and fixtures, and superstructure Instal- 
lations, which were evaluated for Orblter compatibility and mission and operation Impacts. 
A reference spacecraft concept was developed for each structural shape In order to facili- 
tate the design of superstructure elements and fabrication and assembly sequences. Trade 
studies of various assembly jig arrangements and assembly sequences resulted In a high 
degree of commonality between assembly jig concepts. This Included not only common 
subsystem modules but also common assembly jigs for some of the structures. It was 
found that the square and hex structures could be constructed with the same assembly 
jig and the cross and 61m reflector could be manufactured with nearly Identical assembly 
jigs. 

2.3.1 SQUARE AND HEXACK)NAL PLATFORMS CONSTRUCTION . Two structural con- 
figurations, the'square and hexagonal platform, using many of the same basic structural 
components, were designed for compatibility with the platform construction concept. 

These platforms act as rigid planar periphery frames for a variety of flat panels which 
require In -plane tension loads to maintain ai 
operational tolerance. The reference space 
craft selected for the square platform struc- 
ture Is a solar array system consisting of 
eight unlaxlally tensioned blanlcets deployed 
from cylindrical canisters. The platform 
basic structure Is shown In Figure 2-15. Tl 
hexagonal structure, which Is not shown, coi 
slsts of six 64-bay beams joined by similar 
comer hinged fittings. 

The assembly jig concept for fabrica- 
tion and assembly of the square or hexa- 
gonal structures Is a common design for 
both, and Incorporates most of the basic 
features of tlie original SCAFE "ladder" 
assembly jig. This Includes: (1) cradle, 

(2) deployment actuator, (3) beam builder 
deployment and positioning mechanisms, 
and (4) beam retention, guide and drive 
m echanlsms . 
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Figure 2-15. Square platform structural 
assembly. 














Tho unique features of tills jig are: (1) two-boom fabrication stations; and (2) two- 
beam turn- In mechanisms for rotation and translation of beams as they aru hold by tlio 
retention and guide mechanisms (ROMs). 

Tho square and hexagonal structures are fabricated and assembled In (he same 
general sequence using tlie same basic assembly jig, Tho sequence for tho square 
structure Is shown In Figure 2-16; however, for the hexagonal structure two addltlona', 
beams and Type II hinges are required. The Typo I and n hinge fittings are collapsible 
for stowage. They are Installed by Inserting their graph Ite/polysulfono stub fittings 
Into the ends of the beam caps, and joining wltli ultrasonic spotwelds. In this case, mis 
slon timelines permit use of manual welding techniques. 

Deployment of the square structure Is accomplished by unlatching the two Type II 
hinges and activating the motorized Type I hinges as shown In Figure 2-17. The hinge 
support fitting on tlie jig reacts bending loads on the swinging beam to prevent torsional 




Figure 2-17. Square platform deployment sequence. 
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Wltli the solar panels encapsulated In canisters 
mounted along one beam as shown In Figure 2-18, 
a panel deployment drive Individually deploys each 
panel In sequence. 
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The reference spacecraft application selected 
for tlie hexagonal structure utilizes tlie hexagonal 
platform to support a phased array L-band antenna 
lens as part of a communications satellite concept. 
The deployment concept of the hexagonal sti’ucture Is 
similar to tlie square structure deployment, except 
the additional Type II hinge joints require a sequence 
as shown In Figure 2-19. Tlie lens array would bo 
prefabricated to meet predoteiTnlnod dimensions of 
tile finished stricture. Tension control devices would 
be Incorporated to maintain tautness of tlie membrane. 
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2.3.2 61m REFLECTOR AND CROSS CONSTRUC- 
TION. The reference spacecraft configuration selec- 
ted for the 61 m reflector structure Is a Cassegrain 
type antenna, shown In Figure 2-20. The basic struc- 
ture Is an assembly of twelve radial cuiwed beams 
joined at die center to a prefabricated hub assembly. 

Foldable, prefabricated gores wltli integral con- 
toured ribs are attached to tlie radial beams to form 
the reflective surface. Tlie subreflector Is sup- 
ported on a tower constructed of three straight 
beams wltli prefabricated foldable end fittings, otlier prefabricated, prepackaged system 
elements Include tower mounting fittings , die subreflector, the subsystem module, and 
the deployable solar panels. 



Figure 2-18. Square platform 
solar array deployment concept. 


The assembly jlg/beam -builder stowage and deployment scheme shown In Figure 
2-21 Is similar to that used for the ladder, square and hexagonal structure, except the 
jig Is rotated only 75 degrees out of die oayload bay to allow a clearance between die 

stnjcture and the Orblter vertical stabilizer. 
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Figure 2-19. Hexagonal structure deployment sequence. 
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• AMTENNA ASSEMBtV 



• REFLECTOR ASSEMBLY 



Figure 2-20. 61m reflector structure and spacecraft concept. 



Figure 2-21. 61m antenna construction system and deployment. 


The central hub Is mounted on an automatic turntable which Is supported by an ex- 
tendable fixture. Two RGMs and a beam drive mechanism are Installed on a second 
rotating fixture. Assembly of the reflector structure Is accomplished as shown In the 
Figure 2-22 sequence. Again, manual techniques are used for Installing end fittings. 


The technique for fabrication and assembly of tiie subreflector tower Is shown In 
Figure 2-23. This process requires a special damper-type tower mounting fitting \^^lch 
attaches to a radial beam as shown. 


The cross structure and reference spacecraft design concept shown In Figure 2-24 
Is constructed using a jig which Is nearly Identical to the 61m reflector assembly jig. 

In this case, the radial beams connect directly to the central hub, wltli a common butt 
joint used for all beam end fitting attachments. Tlie tip antennas are Installed using a 
common attach fitting. 

Tlie assembly jigs for the square, hexagonal, cross, and 61m reflector.all employ 
many of the elements and techniques used on die baseline SCAFE jig. The beam builder 
remains imchanged from system to system, and the assembly jig deployment equipment 
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Figure 2-22. 61m antenna curved structure assembly sequence. 
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Figure 2-23, Antenna tower construction and IndtailatloiK 
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Figure 2-24. Cross construction concept. 
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Figure 2-25. 


Construction systems 
controls commonality. 

ANTENNA PLATFORM APQEMBLY 

- 202 . 18 m** 



Is common. This results In a good deal of 
commonality In die controls system, as 
shown In Figure 2-25, and much of the basic 
software Is also common. 

2.3.3 TRI-BEAM CONSTRUCTION. The 
selected large trl-beam structure provides 
a large rigid platform capable of support- 
ing a multi-user communications system 
as shown In Figure 2-26. This system would 
be fabricated In a low eartli orbit (LEO) and 
transferred to a geosynchronous earth orbit 
(GEO). The fabrication plan for the trl-beam 
uses baseline beams for cross-member com- 
ponents but a staggered cross-beam arrange- 
ment Is necessary to eliminate any overlap- 
ping or Interference problems at the 
trl-beam cap apexes. 
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The trl-beam assembly jig, 
shown In Figure 2-27, represents a 
significant departure from the basic 
SCAFE platform assembly jig; how- 
ever, most of the basic jig subsys- 
tem modules are also used In tills 
concept. These Include; ROMs and 
beam drive mechanisms; jig deploy- 
ment actuator; cross-beam handler 
mechanism; and beam-to-beam auto- 
The unique subsystem elements required for this concept are: cross- 
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Figure 2-26. Trl-beam structure and space- 
craft assembly. 


matlc welders. 

beam positioner/ welder mechanism; beam builder positioner mechanism; beam handling 
fixture deployment mechanism; forward equipment cradle; and jig structure. 
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2.3.4 500m REFLECTOR CONSTRUCTION . Tho 500m rofloctor stiuctural assembly 
concept, shoNvn In Figure 2-28, Is made almost entirely from curved beams produced 
by the beam builder. Twenty-four radial parabolic curved booms establish tho basic 
dish contour. Tlioao radial beams are Joined togotlier by circular rib beams tlirough 
special node joint fittings. 



Figure 2-28. 500m parabolic reflector structural assembly concept. 

The construction sequence requires a minimum of elgiit missions. Trl-beams for 
tlie construction arms are fabricated using an Orblter-based assembly jig which con- 
verts to the crawler assemblies shown In Figure 2-29. Tlio center fabrication equip- 
ment builds and Installs the radial beams while the crawlers build and Install radial 
beams automatically. Tho construction arms rotate with respect to the dish, via a 
rotary joint, to permit progressive completion of each dish segment. Tlio crawlers 
also fabricate and Install tower beams, and Install the reflector surface elements. All 
jigs and fixtures are removed prior to final deployment of the finished antenna. 
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Figure 2-29. 500m reflector construction detail. 

2-17 








.A ■ 




2.4 DEVELOPMENT EXPERIMENTS 


?.4.1 ULTRASONIC WELDING EXPERIMENT. An ultrasonic woldlng apparatus which 
could bo used as a Space Shuttle "suitcase" experiment was conceptually designed. The 
welding experiment shown in Figure 2-30 Is designed with those features: 

a. Requires minimal space and power. The unit can be Installed on a bridge 
beam In tlio Orbltor cargo bay and supplied with a 28V dc, 300 watt power 
supply. 

b. Performs all woldlng, coupon transfer, and process monitoring and control 
functions automatically. 

c. The woldlng head can be changed as required to produce various wold patterns. 

d. Will operate botli In air and vacuum. The weld head Is automatically tempera- 
ture compensated. 

e. Automatically performs a series of spot welds In flat, two-piece specimens 
of composite materials. 


• EXPERIMENT PACKAQB • INSTALLATION CONCEPT 



2.4.2 CAP-FORMING EXPERIMENT. A cap-forming "suitcase" experiment was con- 
ceptually designed, which would permit the performance of the beam builder cap-forming 
module tc be evaluated In space. The experiment, shown In Figure 2-31, consists of a 
fully loaded cap-forming machine equipped wUh a mounting and positioning fixture. A 
set of storage canisters would be used to retain the In-space formed specimens In a 
vacuum environment for ground test and evaluation. The cap-forming machine would 
be equipped with a cap cutter, to permit multiple specimens to be produced automatically. 
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Figure 2-31. Cap-forming experiment concept , 

Three options for mounting the experiment In the Orblter payload bay were examined 
and are Illustrated In Figure 2-31. Options 1 and 2 use bridge beams and can be moved 
forward or aft or rotated to accommodate prime payload environments. The aft bulkhead 
provides a third mounting option. 

2.6 DEVELOPMENT PLAN AND COST ANALYSIS 


2.5,1 REQUIREMENTS UPDATE . As summarized In Figure 2-32, the Part HI require- 
ments analysis task Involved the updating and expansion of requirements Initially defined 
In Part l/TL and collected In Volume in of the Part I/II Final Report. Changes and addi- 
tions have resulted from three sources: (1) work performed In Part HI study tasks; 

(2) updated ground rules and assumptions; and (3) revision of the Space Shuttle System 
Payload Accommodations document. The latter were of a bookkeeping nature rather 
than a technical nature. Certain elements of the Part I/II program baseline, specifi- 
cally the flight mission spacecraft, assembly jig, and In-orblt operatlons/tlmollnes, 
remain unchanged from Partl/Il. As before, SCAFE detail requirements have been 
published as an updated volume (HI) of tills Final Report. 

Continuing programmatic analyses, by both NASA and GDC, led to ground rule 
changes. Target first mission flight dates slipped from tiie ones previously planned 
and a decision has been made to develop only one beEun builder end Item that will first 
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Figure 2-32. SCAFE requirements update. 


serve as the ground test development article and then be updated and refurbished for 
qualification testing and again for the flight mission. Program schedules have been 
modified accordingly. 

The new ground rules for the baseline development plan and cost analysis are given 
In Table 2-2. 

Table 2-2. Baseline development plan/cost analysis ground rules. 

• Technology development end program definition prior to phase C/0 

• One machine program: GTBB—*-FTBB 

• GTBB is flight qualifiable 

• Modular subsystem development 

• Contains all machine functions 

• Nonflight type components where no compromise to function, fit, or safety 
at No redundancy 

• Costs in currant constant FY79 dollars with no prime contractor fee 

• Total program costs include prephase C/0 and phase C/0 development/production/ 
uporations costs through first flight 

2.5.2 SCAFE DEVELOPMENT PLAN . Formulation of a reasonable and complete pro- 
gram schedule Involved three steps: (1) preparation of a detailed GTBB development 
plan; (2) definition of a nominal Phase C/D schedule unconstrained by artlflcally Imposed 
flight dates; and (3) Integration of these Into an overall schedule. Analysis of a GTBB 
development plan showed that developing components and a single subsystem module 
first as illustrated In Figure 2-33, and then revising the design as necessary before 
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Figure 2-33. GTDB development sequence. 


commitlng funding for fabrication and testing of tlie romalnlng modules In tlie shlpset Is 
a low risk approach. This would take about tlu'oe years. A Phase C/D program tliat Is 
relatively tight, but one tliat would take advantage of development work done on tlie beam 
builder, and a Phase B definition study which had been performed to define tlie assembly 
jig, the Instrumentation for the SCAFE, and tlie Interfaces wltli the space platform 
scientific experbnents, would take approxhimtely two years and nine montlis. 


The total development process, from tlie present to fll^it, for tlie baseline approach 
Is shown In Figure 2-33. Following completion of tills current study, a Beam Builder 
Technology program would be conducted In parallel wltli a progrom to generate a GTBB 
specification. The result of tliese activities would support preparation of a competitive 
FtFP for tlie flight program, wltli source solectlon/progi’am start In late 1980. 

Combining tlie baselhie GTBB development progi'mii and Phase C/D schedule shows 
tliat developmental testing of all subsystem modules can be completed before Phase C/D 
start, tliat tlie GTBB demonstration will occur concurrent wltii CDR, and tliat tlie system 
can be ready for flight somewhat before tlie second LSSSE flight mission milestone shown 
In current NASA planning (Figure 2-34). The schedule allows for a tliree-year develop- 
ment time for the flight experiments, which Is moderately tight but attainable based on 
recent experience. 


An alternative plan was Investigated. By adopting a higher level of risk, GTBB 
development can be shortened such tliat demonstration of tlie complete machine Is accom- 
plished prior to Phase C/D ATP. The major effects of tills approach arc higher risk 
and Increased Initial funding rates but potentially lower total cost. 


2.5.3 SCAFE PROGRAM COST ESTMATE . The preliminary cost ystbnate for the 
complete SCAFE progi*am Is summarized In Figure 2-35. Costs are presented for; the 
pre-Phase C/D phases; all of the hardware and tasks associated wltli program Phase C/D 
development and test; the refurbishment, modification, and fabrication of the flight 
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Figure 2-35. SCAFE progt'am funding requirements. 

hardware; and the operations activities Incurred during tlie first flight. It was assumed 
tliat the Shuttle user charge Includes all Shuttle- related activities such as on-line pay- 
load Installation (OFF), MOC activities, flight crew costs, and other common ground 
operations/mission operations and activities. OUier Shuttle related services such as 
QMS kits, RMS, and otlier optional services are added to the Shuttle user charge for 
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the basic transportation. Potential user charges for tracking and data acquisition 
(TDRSS, etc.) are carried as separate program -level Items. 

These estimates represent total cost to customer Incurred by tlie overall program, 
not just SCAFE prime contractor costs. Tlie costs are estimated In current constant 
FY 1979 dollars and prime contractor fee Is not Included. 

Tlie estimate Included all payload- Incurred costs through the first launch (1986) of 
tlie fabrication experiment and three months of experiment orbital monitoring and data 
acquisition. The program estimated Is essentially a one-maohlno program. The GTBB 
hardware produced during the pre-Phase C/D technology development phase will be up- 
dated and refurbished, and will be provided wltli all additional hardware necessary to 
serve as the hitegrated DET article In Phase C/D. The DET will be converted to die 
DPT article for qualification tests and then to the flight article for the experiment fllgjit. 
The flight hardware article consists of the DPT ground test article refurbished to fllgjit 
configuration and standards. The costs for updating tlie test article are Included as 
recurring production cost. 

Annual funding requirements for the SCAFE progx’am are Illustrated In Figure 2-35. 
Tliese funding estimates are shown Individually for: (1) the pre-Phase C/D period, 
which Includes program definition and the GTBB technology development phase (beam 
builder subsystem DET); (2) Phase C/D, which Includes completing the development 
(assembly jig DET and combined beam bullder/assembly jig DPT), refurbishment of 
the DPT test article to flight configuration, and flight experiment prep and operations; 
and (3) the STS user charge. 
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3 

CONCLUSIONS & RECOMMENDATIONS 


3.1 CONCLUSIONS 

Principal Part El conclusions are grouped by major category in Table 3-1. 

Table 3-1. Stucfy conclusions. 


• STRUCTURE /MATERIALS 

• Boom dimensions are unchanged. 

• ’Tipped channel" crossmomber Improves handling and Increases load Limit. 

« Modified spot wold pattern for crosamember oompatlbUity . 

« New single-ply woven glass /graphite strip material selected, it improves raw material processing, retains key physical/ 
mechanical properties, significantly reduces beam weight, permits common material for cap and cross member, and exhibits 
lower through-thickness .IT to enhance temperature control. 

• BEAM BlfiLDER DESIGN 

• Evaluation of payload environmental requirements revealed no major problems. 

• Detrimental environmental effects on subsystems are avoidable. 

• Thermal shroud will prevent thermal distortlona of support structure and subsystems. 

0 Definition and selection of control onH monitoring ssusors completed. 

0 Common brushless DC motor selected for all beam builder mechanical drives. Dual motor ^'nivorsal Drive Cnit (ov 

aU driven mechanisms except cooling platens , provides redundant drive capability and dual power backup capaulhtv. 

0 Cooling platen positioning drive mechanism Is single failure tolerant. 

0 Arrangement of avionics and conti'ol equipment Improves subsystem modularity. 

0 Dual -wire redundant heater elements permit tn-adr and vacuum operation. 

0 Overall cap forming machine length increased 45.7 cm to accommodate revised forming and drive sections. 

0 Mass of the fully loaded beam builder has decreased from .^610 Kg to 3404 Kg. 

0 New crossraember subsystem design has only two motor drives and provides improved crossmombor feed, handling, 
and positioning. 

0 Optical rotary encoders In the cord plyers preclude a large number of position sensors. 

0 Small ultrasonic wold head envelopes are readily achieved and further size and weight reductions are possible. 

0 ntrasonlc welding process and In-procesa quality control con be totally automated. 

0 Curved beams of constant or variable curvature can be produced by the baseline beaon builder. 

0 Scaled-up beam builders can produce beams configured for solar power satellite construction. Beam production rat'is 

Increase in proportion to beam bay length to bo produced. 

0 ALTERNATIVE ASSEMBLY JTG CONCEPTS 

0 Baseline SCAPE assembly jig and platform construction system provides basic model for a wide variety of shuttle-borne 
automated space construotlon systems. 

0 Construction of open polygons and structures having radial beam elements can be accomplished with neoxly identical 
construction systems . 

0 Fully automated fabrication of tri beams Is possible. 

0 Construction of very large space structures like the 500m antenna, will require operation of Space Shuttle to its maximum 
capacity and capabilit>' on multiple missions. 

• DEVELOPMENT EXPERIMENTS 

0 An automated ultrasonic welding "suitcase " experiment can prove systems reliability, repeatability and weld chaxucteristics 
in combined vacuum and zoro-g with no Impact on other payloads . 

0 The baseline design fits on a single bridge fitting, requires minimal control Interfaces, allows interchangeability of speci- 
mens, horns and transducers, and will record all weld parameters. 

0 A cap forming e.xporimeut can bo performed to verify operational characteristics in space environment prior to completion 
of the Flight Test Beam Builder fFTBB), 
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• Varfou9 options axlst for mounting to avoid oonfUct vlth other shuttlo payloads. 

• Tho forming oxporlmont la tdontlcai to a beam bulldor cap forming module vlth a cap cutoff module added. 

• Storage canlators for formed tost speelmena are vacuum sealed for post (light evaluation of as -formed condition. 

♦ MAM BUILDER DEyiLLOPMENT 

• Nominal dovelopmont time la required for evaluation and opdmlzadon of subsystem modules and system integration and 
ovaluatloD. This baaoUno OTBB Dovelopmont Program provides low risk. 

• A Phase Q mission oefinltion study needed to doflno tho spacecraft, assembly Jig, mission o.xporlmonia, and user systems. 

• Total program costa, excluding shuttle user charges, are estimated at S37. '’M Including S3. 5M pro -phase C/D 
development work. 

• Single shuttle flight to accomplish all mission objectives saves $33. 6M by oUmlnating revisit mission. 

3.2 EEC OMMENDATIONS 

Port in effort has identified several areas in which further activity is recommended. The 
most significant of these are collected, by major category, in Table 3-2. 

Table 3-2. Recommendations. 


• BEAM BUILDER TECHNOLOGY 

• Evaluate and optimlzo functions of cap forming machine to produce operational quaJity caps . 

• Develop and evaluate vuHations of tho SCAFEDs graphite thormoploatlc composite strip material. 

• InvQStlgate and evaluate ultrasonic welding In thermal vacuum and zero-g environment. 

• Invostlgato high voltage losses Into space plasma at LEO in connection with ultrasonic welding. 

• Manufacture protory’po triangular truss segment. 

• Prepare test plan and test tho prototype truss to determine cap section strength, truss stiffness , dynamic damping, and 
overall strength characteristics. 

• Prepare materials and weld samples for space environment testing program at NAS \/ LaRC . 

• rJlOUNDJTilST BEAM SUn.DER DEVELOPMENT, 

• Prepare detailed procurement sped fl cations for a GTBB. 

• Prepare necessary design layouts and design analysis to doflno or verify specifications and control drawing requirements. 

• Prepare Specification Control Drawings for system and subsystem module levels. 

• Prepare detailed statement of work (or manufacture, development and teat of a GTBB. 

• Prepare Contract Data Requirements List (CDRL). 

• Defer development of heat rejeotion subsystem to flight system development program. 

• Use staggered system development approach to minimizo risk and maintain annual funding levels. 

• FLIGHT EXPERIMENT 

• liUtdate flight experiment program for space fabricated proof-of-concept. Establish planning ground rules and nominal schedule. 

• Conduct OTBB hardware developments to support flight hardware design and allow conversion to flight configuration within 
projected coats and schedules. 

• Perform mission dcflnltiou studies. 

• Conduct assembly jig devolopment. 
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